A new series of carbazole based 2,4-disubstituted thiazole derivatives were synthesized. All the synthesized compounds were tested for their cytotoxicity against three different cancer cell lines A549, MCF-7, and HT29. Some of these compounds showed good cytotoxicity. These compounds were also evaluated for antioxidant activity. Compounds 3a, 3b, 3d-f and 3i showed higher antioxidant activity than standard BHT.
Introduction
Nitrogen and sulfur heterocyles have been under investigation for a long time because of their significant medicinal properties. Among the wide range of heterocycles explored in the recent years, thiazole derivatives have attracted medicinal chemists because of their varied biological activities.
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Thiazole ring is an interesting building block in a variety of natural products and many potent biologically active molecules such as vitamine B1, epothilones, nizatidine, ritonavir, sulfathiazole, abafungin and tiazofurin. Thiazole derivatives have been extensively studied and so far, a variety of biological activities have been reported, for a large number of their derivatives, such as antihypertensive, anti-inflammatory, antischizophrenia, antibacterial, anti-HIV, hypnotics, antiallergic, analgesic, fibrinogen receptor antagonist, bacterial DNA gyrase B inhibitor and antitumor activities. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Also they have wide range of applications in organic functional materials such as fluorescent dyes 23 and liquid crystals.
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On the other hand, carbazole and its derivatives have attracted considerable attention from both synthetic organic and medicinal chemists due to their potential biological activity covering a wide range of medicinal applications. Carbazoles belong to an unusual class of DNA binding agents. These molecules contain a planar chromophore, which is the characteristic of DNA intercalators. 25 Carbazole derivatives exhibit diverse biological activities such as antimalarial, antimicrobial, anti-tuberculosis, anti-HIV, antiinflammatory, antihistaminic, and antitumor activities.
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Keeping in view of the importance of thiazole and carbazole derivatives and in continuation of our search on biologically active molecules, [33] [34] [35] [36] we herein report the synthesis, anticancer and antioxidant activity of a new series of carbazole based 2,4-disubstituted thiazole derivatives.
Experimental
All reagents were obtained from Aldrich Chemical Company and used as supplied. The 6-bromo-9-ethyl-9H-carbazole-3-carbaldehyde, was prepared by the ethylation 37 followed by formylation 38 and bromination of carbazole. 39 Melting points were determined in open capillaries using Electrothermal (IA 9100) digital melting point apparatus and are uncorrected. IR spectra were recorded on Bruker (Tensor 37) FT-IR spectrometer using KBr pellets. 
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C NMR spectra were recorded on a Bruker AM500 FT-NMR spectrometer. Mass spectral data were obtained from the Korea Basic Science Institute (Daegu) on JEOL JMS-700 high resolution mass spectrometer.
2-((6-Bromo-9-ethyl-9H-carbazol-3-yl)methylene)hydrazinecarbothioamide (2): A mixture of equimolar quantity of 6-bromo-9-ethyl-9H-carbazole-3-carbaldehyde (1) (25 mmol) and thiosemi-carbazide (25 mmol) in 70 mL of ethanol and catalytic amount of acetic acid was heated under reflux in an oil bath for 3-5 h. The progress of the reaction was monitored by TLC. After completion of the reaction, the solid product was filtered and washed with water. General Procedure for the Synthesis of Compounds 3a-j. A mixture of equimolar quantity of thiosemicarbazone (2) (2 mmol) and α-bromoketone (2 mmol) in 10 mL of absolute ethanol was heated under reflux in an oil bath for 2-3 h. The progress of the reaction was monitored by TLC. After completion of the reaction, the solution was cooled and the resulting solid was filtered and dried. Finally, the product was recrystallized from ethanol. (ATCC, USA) . The cells were cultured in standard growth medium supplemented with 10% fetal bovine serum (FBS), 1% penicillin/streptomycin and incubated at 37°C in a 5% CO 2 atmosphere.
Cytotoxicity Assay: Cytotoxicity of the compounds was assessed by using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) staining method. Briefly, cells were seeded in 96-well plate (Falcon, USA) at a density of 2 × 10 4 cells/well. Next day, cells were incubated with different concentrations of each compound for 24 h. Then, 10 µL of MTT solution was added to the well and further incubated for 4 h at 37 °C. At the end of the incubation, the media were removed, and 200 µL of dimethyl sulfoxide (DMSO) was added into each well to solubilize the formazan crystals. Finally, absorbance was measured at 540 nm using a microplate reader (Molecular Devices, Versa MAX Sunnyvale, CA, USA).
Antioxidant Activity: 1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging activity of the samples was assessed by reported method 40 with minor modifications. Briefly, 0.1 mM ethanolic DPPH solution (100 µL) was added to a sample solution (100 µL) of various concentrations (500 µM -62.5 µM). After 30 min of incubation in dark at room temperature, the absorbance was measured at 517 nm. All measurements were made in triplicate. A lower absorbance of the compound mixtures indicates the higher DPPH radical scavenging activity. The percentage of inhibition was calculated as follows:
Where A control is the absorbance of negative control (containing all reagents except test compounds) and A sample is the absorbance of the test compounds and all the reagents. IC 50 (50% inhibitory concentration of compound) was calculated from the curve drawn by plotting the inhibition percentage against sample concentration. The antioxidant activity of the synthesized compounds was compared with a synthetic antioxidant Butylhydroxytoluene (BHT) as the reference standard.
Results and Discussion
A new series of carbazole based 2,4-disubstituted thiazole derivatives were synthesized in a two step synthetic process (Scheme 1). In the first step 2-((6-bromo-9-ethyl-9H-carbazol-3-yl)methylene)hydrazinecarbothioamide (2) was synthesized by the condensation of 6-bromo-9-ethyl-9H-carbazole-3-carbaldehyde (1) with thiosemicarbazide in ethanol in the presence of catalytic amount of acetic acid. In the second step, the compound 2 was reacted with varies α-bromoketones (a-j) in refuxing ethanol to yield the corresponding 2,4-disubstituted thiazoles (3a-j, Table 1 ). The chemical structures of all the synthesized compounds were characterized by IR, 
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C NMR spectra of compounds 3a-j showed signals in the range of 168.8-168.3 and 108.2-101.5 ppm corresponding to carbon atom of thiazole-C-2 and C-5 respectively. The high resolution mass spectral data of compounds 3a-j are provided in the experimental section.
Cytotoxic Activity. All the synthesized molecules 3a-j were evaluated for their cytotoxicity against three different cancer cell lines A549 (human lung cancer), MCF-7 (human breast cancer) and HT29 (human colon cancer) by MTT assay. The IC 50 values of compounds are listed in Table 2 . As shown in Table 2 , compounds 3b (IC 50 22.8 µM), 3e (IC 50 23.9 µM), 3f (IC 50 31.6 µM), 3h (IC 50 9.7 µM) and 3i (IC 50 8.5 µM) were found to exhibit good cytotoxic activity against A549 cells. It was observed that, compounds 3f (IC 50 19.1 µM), 3g (IC50 44.7 µM), and 3i (IC50 24.5 µM) displayed good activity on MCF-7 cells. In the case of HT29 cells, compounds 3b (IC 50 7.8 µM) and 3e (IC 50 23.9 µM) showed good cytotoxicity and other compounds showed negligible activity.
Antioxidant Activity.
Compounds 3a-j were tested for antioxidant activity using 1,1-diphenyl-2-picrylhydrazyl Scheme 1. Synthesis of carbazole based 2,4-disubstituted thiazoles.
(DPPH) radical scavenging method at different concentrations 500 µM-62.5 µM. The results on the antioxidant activity are given in Table 3 . The radical scavenging activity of compounds 3a-j was compared with that of reference compound Butylhydroxytoluene (BHT (Fig. 1) .
Conclusion
In conclusion, we have synthesized a new class of carbazole based 2,4-disubstituted thiazoles and their cytotoxicity was evaluated. Among all the thiazole derivatives, compounds 3h and 3i against A549 cells, compound 3f against MCF-7 cells and compound 3b against HT29 cells, showed good cytotoxicity. These compounds were also tested for antioxidant activity by DPPH method and compounds 3a, 3b, 3d-f and 3i showed higher activity than BHT. 
